DISCLAIMER
This report was prepared by Westinghouse Savannah River Company (WSRC) for the United States Department of Energy under Contract No. DE-AC09-89SR 18035 and is an account of work performed under that contract. Neither the United States Department of Energy, nor WSRC, nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness, of any information, apparatus, or product or process disclosed herein or represents that its use will not infringe privately owned rights. Reference herein to any specific commercial product, process,, or service by trademark, name, manufacturer or otherwise does not necessarily constitute or irnply endorsement, recommendation, or favoring of same by WSRC or by the United States Government or any agency thereof. The views and opinions of the authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof.
November of 1988 tile F/H-area effluent treatment facility (ETF) began releasing treated waste water to Upper Three Runs Creek. Previous to that time, there had been minimal discharge of plant waste water to this tributary of the Savannah River.
The ETF is designed to remove the toxic and radioactive waste materials from the effluent stream and to meet the discharge limits of the South Carolina Department of Health and Environmental Control (SCDHEC). The only radioactive nuclide not removed by the process is tritium. Tritium, an isotope of hydrogen, ks chemically associated with the water molecules in the waste stream and can not be economically removed at this time. The objective of this study was to determine the relationship between the concentration of tritium in the stream water and the concentration of tritium in the fish.
Fish collections were made at two locations. The most upstream location was 50 meters downstream from the SRS Road C bridge. This is immediately downstream of the effluent discharge pipe from the ETF. The other location was at the bridge of SRS Road A (SC Highway 125). The water is removed from the fish by freeze drying under vacuum.
This study suggests that, on the average, the tritium concentration of fish in Upper Three Runs Creek will be in equilibrium with the tritium in the water of the creek. The water in the fish comes into equilibrium with the water in the stream quite rapidly and it is quite likely that any single fish sampled will be higher oi"lower in tritium content of an integrated water sample, such as those collected by the Environmental Monitoring samplers. Both the time of sampling and the sampling of a sufficient number of fish is important in obtaining an accurate estimate of the average tritium concentration in the tissue water of the tish. The ETF is designed to remove the toxic and radioactive waste materials from the effluent stream and to meet the discharge limits of the So_uthCarolina Department of Health and Environmental Control (SCDHEC). The only radioactive nuclide not removed by the process is tritium. Tritium, an isotope of hydrogen, is chemically associated with the water molecules in the waste stream and can not be economically removed at this time. The ETF is expected to release about 32,000 Ci of tritium to Upper Three Runs.
Upper Three Runs Creek is the only SRS stream with headwaters arising off the site. The stream is approximately 40 km long and drains an area of about 545 sq. km. Upper Three Runs has the largest natural flow of any of the SRS streams, 257 cu. ft. per see. The natural flow is slightly increased by an SRS contribution of 10 cu. ft. per sec. The average tritium concentration in Upper Three Runs, before operation of the ETF, was higher than in streams or rivers at a distance from SRS which receive no tritium discharges. The higher concentration was probably due to local washout and deposition of tritium from tritium released to the atmosphere from nearby production facilities. In the period from 1959 to 1988, there was a general downward trend in tritium concentrations which approximately paralleled the decrease in atmospheric tritium releases over the this period. | Tritium in fish is, largely, found in two forms. Fish, like most organisms, are largely water. Tritium associated with water in the environment is readily transported into the fish and after a relatively short period of time the tritium concentration in water of the fish and the environment will be the same.
Tritium is also associated with the organic components of the fish flesh. The source of tritium in the organic material can be from exchange with the water in the flesh or through the incorporation of tritium found in food. In a stream, such as Upper Three Runs, where the water surface is shaded by a forest canopy, most of the organic tritium in the food chain originates from the detritus of fallen leaves and, other terrestrial material entering the stream. Some organic matter is also produced in the stream by the photosynthesis of aquatic vegetation. In either case the organic matter would be expected to incorporate o , tritium from water in the stream or from water removed from the sr_'eamby streamside vegetation. In Upper Three Runs, for either streamside terrestrial or aquatic vegetation, the primary source of the organic tritium is the tritiated water released to the stream.
The purpose of this report is to document measurements of tritium concentration of the water in the flesh of fish in Upper Three Runs Creek since the operation of the ETF.
METHODS

Collection of Fish
, Fish collections were made at two locations. The most upstream location was 50 meters downstream from the SRS Road C bridge. This is immediately downstream of the effluent discharge pipe from the ETF. The other location was at the bridge of SRS Road A (SC Highway 125).
Collections were made with a wire fish trap. The fish trap is approximately 2 x 2.5 x 4 ft. The entrance is a cone with the small end leading into the trap. The traps were left on the stream bottom in water deep : enough to submerge the entire trap. The traps were baited from time to time with cottonsseed cake. The traps were emptied once a week until three fish were collected at each location in a given month. Then the trap entrance was closed until the beginning of the next month. It was not always possible to collect three fish at each location in a month.
After capture, the fish were kept alive in a plastic bag filled with creek water. On delivery to the laboratory a sample of the creek water was removed. A fillet was immediately removed from each fish and the water removed by freeze drying.
Freeze Drying
The water is removed from the fish sample by freeze drying under vacuum. The water is collected from the vacuum line in a glass, cold trap kept a -20°C. This procedure reduces the chance of contamination of the sample with water vapor in the air of the laboratory. The apparatus used here and a discussion • of the freeze drying technique can be found in Hayes. 2
The most important aspect of the freeze drying method is limiting possible isotopic effects due to the difference in vapor pressure between water that contains one or two tritium atoms and water that contains light hydrogen. This effect will enrich the tritium in the water left in the fish. Two precautions were taken to remove this effect. Ali samples were dried completely, This can take several days for large : samples. After drying t_,e sample was rehydrated in 500 ml of water and refreeze dried. The soaking a was meant to dilute any residual tritium that may have exchanged tritium in the water with hydrogen sites in the sample. The tritium in the soak-water from several successive soakings was measured for a small i number of samples and it was found that most of the tritium was removed with ,only one rehydration.
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Counting
Water samples from stream water and fish water are counted for tritium activity by liquid scintillation counting. Four milliliters of sample water is added to 18 ml of liquid scintillation cocktail in a plastic scintillation vial. The mixture is counted in a Packard scintillation counter.
After counting, eacll vial is spiked with a known amount of an NIST tritium standard and recounted. The raw count is corrected for quenching for each individual sample. Background is measured against a Packard "uitium free" standard and the operation of the counter is checked against a sealed tritium standard.
RESULTS
Characteristics of Sampled Fish
Figures 1 and 2 summarized the species and size distributions of the fish sampled. The species are dominated by catfish and redbreast sunfish. About 38% of the samples are sunfish. Fifty-eight percent of the fish are either sunfish or the closely related bass, crappie and warmouth. The species distribution is similar to the distributions measured by electro-fishing and netting in other studies)
The size distribution is not necessarily the distribution of sizes in Upper Three Runs. Many small fish found in the traps were not collected because the volume of water that could be collected from them was insufficient for analysis. Larger fish probably do not enter the trap.
Tritium in the Tissue Water
The tritium in tritiated water removed by freeze drying is often referred to as tissue free tritium since it is not associated with the organic material in the fish, As shown in Figure 3 , the tritium activity in tissue free water of the fish does not appear to be closely related to the average bi-weekly tritium activity. The tritium concentration in the fish water varies greatly throughout the study period. Higher concentrations are more common during the periods of greatest stream water concentration; however, low fish water concentration are common throughout. This is not unexpected, since the tissue free water exchanges rapidly with the environment and is related to the tritium concentration of the water over the last few hours to days and not the average weekly concentration. The large number of fish with low tritium concentrations suggests that most of the time there is no ETF water in Upper Three Runs.
In some cases the tritium concentration of the water in the fish is higher than the average stream water concentration. This can also be an effect of the short turnover time of tritium in the fish relative to the bi-weekly averaging time of the water samples. As indicated above, the ETF releases water in batches. The tritium concentration in Upper Three Runs water will generally be higher than the average during releases. Fish sampledimmediately after a release period will have internal tritiated water concentrations reflecting the tritium concentration in the water during the release period. Figure 3 shows that highest tritium concentrations are from fish collected at the Road C location. The road C trap was located very close to the outlet of the ETF. lt is possible that incomplete mixing of the ETF effluent at this location also contributed tothe high tritium concentrations in the fish at this location. Table 1 . shows the average tritium concentrations of the fish and the stream water at the two sampling locations. As shown by the high standard deviations of the mean values, there is no significant difference between the fish and the water.
It is worth noting that most of the tissue free water samples are lower in tritium content than the Upper Three Runs water during the same bi-weekly period. This suggests that the ETF releases water infrequently and most of the time the creek water is at local background concentrations. This result may be biased by the collection time which was normally early in the morning. 
DISCUSSION AND CONCLUSIONS
This study suggests that, on the average, the tritium concentration of fish in Upper Three Runs Creek will be in equilibrium with the tritium in the water of the creek. This happens quite rapidly for the tissue free water in the fish and it is quite likely that any single fish sampled will be higher or lower in tritium content of an integrated water sample, such as those collected by the Environmental Monitoring samplers. Both the time of sampling and the sampling of a sufficient number of fish is important in obtaining an accurate estimate of the tritium concentration in the tissue water of the fish.
